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Fig. 2. Gummel plots on five different chip sites for transistors with a low
doped base: (a) positive ￿; (b) negative ￿.
sistors with a low doped base. In this case, the collector charac-
teristics are ideal, with an ideality factor of 1.00, and show no
evidence of emitter/collector leakage. The base characteristics
show increased emitter/base leakage with an ideality factor of
1.38 on the best transistor and 1.39 on the worst transistor at a
base/emitter voltage of 0.55 V. These values of base current ide-
ality factor are better than those in Fig. 2(b) for the transistors
with a low doped base and are also less variable.
Fig.4showstypicalreverseemitter/basediodecharacteristics
for transistors with high and low doped bases and positive and
negative values of . The devices with a positive value of
have a leakage current of around 1–2 pA at a reverse bias of 2
V, compared with 1–2 nA for the devices with a negative value
of . The shapes of the characteristics for positive and negative
are also different, which suggests that different mechanisms
controlthereversediodecurrentinthetwocases.Forpositive ,
theslopesofthecharacteristicsincreaseongoingfromareverse
bias of 1 V to 4 V, while for negative , the slopes decrease over
the same bias range. Theoretical curves are also shown which
will be discussed later in the paper.
Fig. 5 shows the temperature dependence of the emitter/base
diode reverse current for positive and negative values of . Re-
sultsareshownfordeviceswithalowdopedbase,butsimilarre-
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Fig. 3. Gummel plots on five different chip sites for transistors with a high
doped base: (a) positive ￿; (b) negative ￿.
Fig. 4. Measured and theoretical emitter/base reverse diode characteristics for
transistors with high and low doped bases and positive and negative ￿.
sults were obtained for devices with a high doped base. For pos-
itive , the slopes of the characteristics vary very weakly with
reverse bias; activation energies of 0.38, 0.38 and 0.35 eV are
obtained for emitter/base reverse biases of 1, 2 ,and 3 V respec-